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Abstract.-The effect of four different temperatures (15, 20 25 and 30°C), on biological pararn-
eters of the Azorean population of G/yptapanteles mi/itaris (Walsh) was studied, using Mythimna 
unipuncta (Haworth) as the host. Thirteen biological pararneters of the host-parasitoid interaction 
were analysed: percentage of hosts that died without producing parasitoids; percentage of larvae 
parasitized from which parasitoids emerged; percentage of hosts surviving to pupate after the 
parasitoid's sting; egg-Iarval development time; pupal period; total developmental time; adult 
longevity; total nurnber of larvae per host; number of larval parasitoids that fail to emerge from 
each host; mean number of parasitoids that emerged from host larva but failed to spin a cocoon; 
mean number of cocoons per host; parasitoid sex-ratio; and finally emergence rate of adult par-
asitoid progeny. The percentage of hosts that died without producing parasitoids increased with 
increasing temperature. Developmental times significantly decreased with increasing temperature. 
The mean number of cocoons per host; mean number of parasitoids that emerged from each host 
larva but failed to spin a cocoon; and total number of larvae per host were higher when the 
temperature was lower. Parasitoid sex ratio and emergence rate of adult progeny were not affected 
by the temperatures tested. 
Mythimna unipuncta (Haworth) is the 
most important pest in Azorean pastures. 
Serious population explosions that require 
the use of pesticides often occur (Tavares 
1992). Glyptapanteles militaris (Walsh) is a 
larval parasitoid of the armyworm in all 
islands oí the Archipelago (Oliveira 1996). 
It is desirable to increase the natural pop-
ulation of G. militaris by field releases of 
wasps produced in the laboratory, during 
the first generation of M. unipuncta. 
One of the most important abiotic fac-
tors that affect insects is temperature. ln 
parasitoids this can influence develop-
ment, fecundity, mortality, sex ratio, col-
oration and other characteristics in vari-
ous species (Kaya and Tanada 1969; Yu 
and Luck 1988; Klein 1988; Lysyk and 
Nealis 1988; Spivac et ai. 1992). 
Temperature incre ases, within a favour-
able range, will speed up insect metabo-
lism and consequently increase the rate of 
development. Each species and each stage 
in the life history may develop at its own 
rate (Sedlacek et ai. 1990, Spivac et ai. 1992, 
Gullan and Cranston 1994). 
A previous study of the effect of two 
different temperatures on the biological 
parameters of G. militaris was performed 
by Oliveira (1991, 1992). ln the present 
study, we analyse the effect of two ex-
treme temperatures (15 and 30°C) and two 
intermediate temperatures (20 and 25°C), 
on some biological parameters of the Azo-
rean population of G. militaris using M. 
unipuncta as host. 
MATERIAL ANO METHOOS 
Glyptapanteles militaris used in this ex-
periment emerged from naturally parasit-
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ized M. unipuncta larvae, collected in pas-
tures of São Miguel island. Groups of one 
hundred cocoons were placed in 400 mI 
glass vials until adult females were re-
moved for experiments. Adults were sup-
plied with honey solution (10%). We used 
as hosts M. unípuncta larvae from labora-
tory cultures, established from eggs laid 
by field-collected females. 
On the third day after adult parasitoid 
emergence, one isolated female wasp was 
allowed to parasitize one isolated third in-
star larva of M. unipuncta. After the first 
sting, the host was removed from the par-
asitoid and individually kept, until emer-
gence of the parasitoids, in a plastic con-
tainer (4.5 x 3cm). Each host larva was 
supplied with a small piece (lcm3) of ar-
tificial diet every two days as described by 
Poitout and Bues (1970) and modified by 
Oliveira (1991). After parasitization, each 
group of fifty parasitized host larvae were 
kept at a different temperature (15::t::OSC, 
20::t::OSC, 25::t::OSC and 30::t::OSC), under 
75::t::0.5% R.H. and 16:8 [L:D] photoperiod. 
After larval parasitoid emergence and 
construction of the cocoons, each group 
was maintained in a plastic container (4.5 
x 3cm) with a hole covered by nylon tis-
sue. Emerged adults were kept in the 
sarne conditions and were supplied with 
honey solution (10%) until theír death. 
Thirteen biological parameters of the 
host-parasitoid interaction were analysed: 
percentage of larvae parasitízed from 
which parasitoíds emerged; percentage of 
dead hosts; percentage of hosts surviving 
to pupate after the parasitoid' s sting; egg-
larval development time; pupal period; to-
tal developmental time; adult longevity; 
total number of larvae per host; number 
of larval parasítoids that fai! to emerge 
from each host; mean number of parasít-
oids that emerged from host larva but 
failed to spin a cocoon; mean number of 
cocoons per host; parasitoid sex-ratio (per-
centage of females); and finally emergence 
rate of adult progeny. 
The first three parameters were ana-
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Fig. 1. Percentages of pupated, dead and parasitized 
larvae of Mythimna unipuncta, at four different tem-
peratures (:'::standard error). A test for multiple com-
parison of proportions was used. Each column that 
is followed by a different letter is significant1y differ-
ent (p < 0.05). 
lysed by a test for multiple comparisons 
of proportions (Zar 1996), and the others 
parameters were analysed by non-para-
metric "Kruskal-Wallis" and Multiple 
Comparison tests (p < 0.05) (Scherrer 
1984) to compare the results obtained 
from different temperatures. To compare 
the effect of temperature on alI studied pa-
rameters, a discriminant factorial analysis 
(Thioulouse 1989), was performed. 
RESUL TS AND DISCUSSION 
Parasitized larvae of M. unipuncta were 
able to develop normally at the four dif-
ferent temperatures, with high percent-
ages of hosts that were successfully para-
sitized and producing parasite progeny 
(Fig. 1). However the percentage of para-
sitized larvae from which parasitoids 
emerged differed significantly between 15 
and 30°C (t = 1.983, P < 0.05), achieving 
maximum values at 15°C. 
The percentage of hosts that died before 
emergence of the parasítoids increased 
with temperature. It was least at 15°C, in-
termediete and similar at 20 and 25°C, and 
most at 30°C (Fig. 1). A significant differ-
ence was observed for the percentage of 
dead hosts at 15 and 30°C (t 2.280, P < 
0.05). The percentage of surviving hosts 
after they had been stung by the parasit-
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Table 1. Mean (:!:standard deviation) days of egg-larval development time in Mythimna unipuncta (01), 
pupal period (02), and the total developmental time (01 + 02) of G/yptapante/es mi/itaris, at four different 
temperatures. 
Temperature DI D2 DI + D2 
°C N x ± sd N x ± sd N x ± sd 
15 40 37.50 :!: 4.90a 40 18.25 :!: 1.89a 40 55.75 :!: 5.87a 
20 34 19.00 :!: 2.89b 33 07.27 :!: 1.15b 33 26.18 :!: 3.07b 
25 34 13.56 :!: 2.14c 31 05.84 :!: 0.69c 31 19.36 :!: 2.32c 
30 31 11.90 :!: 2.01c 20 05.45 :!: 1.47c 20 17.15 :!: 2.01c 
H value 118.495 96.684 108.677 
P value <0.0001 <0.0001 <0.0001 
Kruskal-Wallis H and P values and Multiple Comparisons testo Means in each column that are followed by 
a different letter are significantly different (p < 0.05). 
oid was very low (2-4 %) and therefore 
they were not statistically analysed. 
The relation between temperature and 
rate of development of poikilotherms is an 
important aspect of ecological studies and 
basic to the development of pest manage-
ment strategies (Lysyk and Nealis 1988). 
According to several authors, the period 
between parasitization and parasitoid 
emergence decreases with increasing tem-
perature (Nealis and Fraser 1988; Gould 
and Elkinton 1990; Allen and Keller 1991; 
Tillman and Powell1991). A similar result 
was obtained in this study with G. militaris 
and M. unipuncta. We divided the total de-
velopment period in two parts: egg-Iarval 
development time, and pupal develop-
ment (strictly, duration of the cocooned 
stages). We found similar results for both 
periods (Table 1), and significant differ-
ences were observed between the different 
temperatures with only one exception (25 
and 30°C). 
Temperature significantly affected the 
longevity of adult G. militaris obtained in 
this study except between 20 and 25°C. A 
similar result was obtained by Allen and 
Keller (1991) in a study of Cotesia urabae 
Austin and Allen reared from Uraba lugens 
Walker. The maximum longevity of G. 
militaris was obtained at 15°C (8.1 days) 
and the minimum was at 30°C (2.3 days). 
At the intermediate two temperatures we 
obtained 2.9 days. Comparing these val-
ues with the 16 days of maximum longev-
ity previously observed by Oliveira (1996), 
we conclude that our results are very low 
and they may be due to abiotic conditions, 
such as an insufficient leveI of ventilation 
in clilnatic chambers. 
The temperature established during the 
development time of G. militaris can affect 
the mean number of cocoons found per 
host, the mean number of parasitoids that 
emerged from the host larva but failed to 
spin a cocoon, and the total number of dis-
cernable parasitoid larvae. The mean 
number of cocoons per host decreased 
with increasing temperature. A significant 
difference was observed between 30°C 
and 15 and 20°C (Table 2). Similar results 
were reported by Oliveira Filho and 
Foerster (1986) with "Apanteles" muesebecki 
Blanchard parasitising Pseudaletia sequax 
Franclemont. The mean number of para-
sitoid larvae that emerged from the host 
but then failed to spin a cocoon was rela-
tively small in each case; the differences 
found (Table 2), are, though statistically 
significant, hard to explain in view of the 
non-linearity of the result and they may 
not really be informative. The number of 
parasitoid larvae that failed to leave the 
host larva was similar at the four temper-
atures tested (Table 2). The total number 
of larvae per host decreased with increas-
ing temperature (Table 2). A significant 
difference was found between the result 
obtained at 30°C and the other three tem-
peratures. 
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Table 2. Mean (::+:standard deviation) number of G/yptapante/es mi/itaris cocoons, the number of larvae that 
faíled to spin a cocoon, and that failed to emerge from the host of Mythimna unipuncta, at fom different 
temperatures. 
Par.larvae Par.larvae 
Temt:~ature N" coccons I host not pupated no~em~Jed Total larvae N sd x ± sd x ± sd x 
15 40 55.40 ::+: 38.24ab 8.50 ::+: 13.06ab 10.00 ::+: 16A6a 73.95 ::+: 31.43a 
20 34 SOAI ::+: 28.71b 2.50 04.86a 8.91 ::+: 14.83a 61.82 29.25a 
25 34 35.12 ::+: 27.81bc 8.94 13.55ab 12.24 ::+: 21.84a 56.29 29.21a 
30 31 19A2 ::+: 16.29c 5.55 04.25b 9.19 ::+: 12.33a 34.16 21.49b 
H value 27.36 12.84 3.20 30.19 
P value <0.0001 0.0050 0.3616 <0.0001 
Kruskal-Wallis H and P values and Multiple Comparisons testo Means in each column that are followed by 
a different letter are significantly different (p < 0.05). 
The sex ratios (percentage of females) 
were lower than 19%, in all cases (Table 
3). No significant differences as a function 
of temperature were found. Similar results 
were obtained by Kolodny-Hirsch (1988) 
in his study of Cotesia melanoscela (Ratz-
burg) and the host Lymantria dispar (L.). ln 
all laboratory cultures of the Azorean G. 
militaris population we systematically ob-
tained low sex ratios (Oliveira 1991, 1992, 
1996), when compared with the observed 
sex ratio of natural populations, usually 
between 48 and 78% (Oliveira 1991, 1996). 
This is due to a high percentage of the fe-
males that oviposit failing to produce fe-
male progeny, indicating a high leveI of 
unmated females under laboratory condi-
tions. This is an important aspect that will 
require to be overcome, if we want to do 
Table 3. G/yptapante/es militaris sex-ratío (percent-
age of females) and adult emergence rates (::+:8tan-
dard deviation), at fom different temperatures. 
Sex ratio % Emergence 
Tempera-
tur€ oe N ii sd N x:: sd 
15 40 0.19::+: 0.29 40 70.90 ::+: 21.80 
20 33 0.16 ::+: 0.23 34 63.00 ::+: 25.60 
25 31 0.18 ::+: 0.25 34 70.30 25.80 
30 21 0.13::+: 0.22 31 49.80 40.70 
H value 0.595 5.012 
P value 0.8976 0.1709 
Kruskal-Wallis H and P values (p > 0.05). 
mass releases of G. militaris to control M. 
unipuncta. 
The adult emergence rates were not 
very high, always less than 71%, but no 
significant differences were observed be-
tween temperatures (Table 3). However, 
an interesting result was observed at 30°C 
with a high number of adults dying before 
complete emergence from the cocoons. 
To compare the effect of the different 
temperatures on all parameters a discrim-
inant factorial analysis was performed. 
This analysis demonstrated: 1) a super-
position of the values obtained at 25 and 
30°C; 2) a light separation at 20°C; 3) a 
complete separation of the results at 15°C 
(Fig. 2). The parameters that had most in-
fluence on this separation were the egg-
larval development time, the pupal peri-
od, adult longevity, and the number of co-
coons per host. 
Finally, these results confirm that G. mil-
itaris is very well adapted to the c1imatic 
conditions of the Azores, since the para-
sitoid develops better between 15 and 
20°C than at 25 and 30°C, and the temper-
atures found on the Azores pastures range 
between 13 and 23°C during the period of 
highest activity of the parasitoid. 
ACKNOWLEDGMENTS 
This research was performed on CIRN (Centro 
para a Investigação dos Recursos Naturais) and fi-
nancially supported by the Universidade dos Açores, 
272 
: :' 
\,;~r\· ... 
\··· .. ~::\:r\\ 
ISO 
Axis I (% of inertia=98.5) 
Fig 2. Discriminant factorial analysis performed 
with nine biological parameters of Glyptapanteles mil-
itaris: egg-larval development time, pupal period, 
adult longevity, mean number of cocoons per host, 
mean number of parasitoids that emerged from host 
larva but failed to spin a coeoon, mean number of 
larval parasitoids that failed to emerge from each 
host, total number of larvae per host, parasitoid sex 
ratio, and emergence rate of adult progeny. 
by the Secretaria Regional da Agricultura e Pescas, 
and by the Program s1RIDE (# ST RDB/C/ AGR/ 
194/92). 
LITERA TURE CITED 
Allen, G. R. and M. A. Keller 1991. Uraba lugens (Lep-
idoptera: Noctuidae) and its parasitoids (Hyme-
noptera: Braconidae): temperature, host size, and 
development. Environmental Entomology, 20 (2), 
458-469. 
Gould, J. R. and J. S. Elkinton 1990. Temperature-de-
pendent growth of Cotesia melanoscela (Hyme-
noptera: Braconidae), a parasitoid of the Gypsy 
moth (Lepidoptera: Lymantriidae). Environmental 
Entomoiogy, 19 (4), 859-865. 
Gullan, P. J. and P. S. Cranston 1994. The Insects: An 
Outline of Entomology. Chapman & Hall. London. 
1-491. 
Kaya, H. and Y. Tanada 1969. Responses to high tem-
perature of the parasite Apanteies militaris and of 
its host, the armyworm, Pseudaletia unípuncta. 
Annais of the Entomoiogical Society of America, 62 
(6), 1303-1306. 
Klein, M. 1988. Colour morphs induced under con-
trolled environrnental conditions in adult Em'ias 
insulana (Lepidoptera: Noctuidae). Envíronmental 
Entomology, 17: 162-165. 
JOU~"JAL OF HYMENOPTERA RESEARCH 
Kolodny-Hirsch, D. M. 1988. Influence of some en-
vironmental fadors on the laboratory production 
of Cotesia melanoscela (Braconidae: Hymenop-
tera): a larval parasitoid of Lymantria disparo En-
vironmental Entomology , 17 (1), 127-131. 
Lysyk, T. J. and V. G. Nealis 1988. Temperature re-
quirements for development of the jack 
budworm (Lepidoptera: Tortricidae) and two of 
its parasitoids (Hymenoptera). Journal of Econom-
ic Entomology, 81 (4): 1045-1051 
Nealis, V. G. and 5. Fraser 1988. Rate of deveIopment, 
reproduction, and mass-rearing of Apanteles fu-
miferanae Vier. (Hymenoptera: Braeonidae) under 
controlIed conditions. Canadian Entomologist, 120 
(3), 197-204. 
Oliveira, L. 1991. Bioecologia de Apanteles milítaris 
(Walsh, 1861) (Hymenoptera, Braconidae). Provas 
de acesso à categoria de Assistente de Investigação, 
Universidade dos Açores, 1-72. 
Oliveira, L. 1992. Influência da temperatura no ciclo 
biológico de Apanteles militarís (Walsh) (Hyme-
noptera, Braconidae). Actas do V Congresso Ib-
érico de Entomologia. Boletim da Sociedade portu-
guesa de Entomologia, 2 (3), 357-362. 
Oliveira, L. 1996. Apanteles militaris (Walsh) (Hyme-
noptera, Braconidae) parasitóide das larvas de 
Mythimna unipuncta (Haworth) (Lepidoptera, 
Noctuidae). Tese de Doutoramento, Universidade 
dos Açores, 1-196. 
Oliveira Filho, J. and L. A. Foerster 1986. Ciclo evo-
lutivo e preferência para oviposição de Apanteles 
muesebecki Blanchard, 1947 (Hymenoptera: Bra-
conidae), parasitóide de Pseudaletia sequax Fran-
clemont, 1951 (Lepidoptera: Noctuidae). Anais da 
Sociedade de Entomologia do Brasil, 15 (2), 371-377. 
Poitout, S. and R. Bues 1970. élevage de plusieurs es-
peces de Lépidoptéres Noctuidae sur milíeu ar-
tificieI riche et sur milieu artificiei simplifié. Ann 
Zool Ecol Anim., 2: 79-91. 
scherrer, B. 1984 Biostatistique. Gaetan Morin éditeur. 
Québec, 1-850. 
Sedlacek, J. D., K. V. Yeargan and P. H. Freytag 1990. 
Effect of temperature on the development of the 
blackfaced leafhopper (Homoptera: Cicadelli-
dae). Environmental Entomology, 19: 209-214. 
Spivac, M., A. Zeltzer, G. Degrandi-Hoffman and J. 
H. Martin 1992. Influence of temperature on the 
rate of development and colour patterns of 
queen honey bees (Hymenoptera: Apidae). EIl-
vironmental Entomology, 21 (2): 364-370. 
Tavares, J. 1992. A importância económica da lagarta 
das pastagens Mythimna unipuncta (Haworth) 
(Lep., Noctuidae). Açoreana, 7 (3), 407-414. 
Tillman, P. G. and J. E. Powell 1991. Developmental 
time in relation to temperature for Microplitis cro-
ceipes, M. demolitor, Cotesia kazak (Hymenoptera: 
Braconidae) and Hyposoter didymator (Hymenop-
tera: Ichneumonidae), endoparasitoids of the to-
VOLUME 7, NUMBER 2,1998 
bacco budworm (Lepidoptera: Noctuidae). Envi-
ronmental Entomology, 20 (1), 61-64. 
Thioulouse, J. 1989. Statistical analysis and graprucal 
display of multivariate data on the Macintosh. 
Computer Applications in the Biosciences, 5, 287-
292. 
Yu, D. S. and R. F. Luck 1988. Temperature-depen-
273 
dent size and development of Calífornia red 
scale (Homoptera: Diaspididae) and its effect on 
host availabílity for the ectoparasitoid, Aphitis 
melinus De8ach (Hymenoptera: Aphelinidae). 
Environmental Entomology, 17 (2), 154-161. 
Zar, J. H. 1996. BiostatisticaZ analysis. Prentice-Hall In-
temational Editions, London, 1-662. 
